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Calculating freezing point of NaH,PO,-K,HPO, mixed electrolyte
solution with semi-empirical hydration model
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Abstract: The methods for determination of freezing point include cooling curve cryoscopy and air humidity
cryoscopy. These methods are usually influenced by many factors, such as instrumentation, environment and opera-
tors. Despite the numerous experimental methods, precise freezing point values are challenging to obtain due to
time-consuming procedures, limited sample size and extensive manual work. In this study, a semi-empirical hydra-
tion model (SEHM) was developed to calculate freezing point of NaH,PO,-K,HPO, mixed electrolyte solution.
According to SEHM, the water activity of mixed electrolyte solution was calculated by molality of solutes. Then
the freezing point of solution was calculated. The calculated results were compared with those obtained by cooling
curve cryoscopy and air humidity cryoscopy. The results indicate that the SEHM calculations are comparable to the
measurements of cooling curve cryoscopy and air humidity cryoscopy.
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Figure 1  Assembly used in the determination of the relative air
humidity in equilibrium with the solution

R I IR W E DRI
T @y, o A 5 2 P I 25 UR DN B,
a0 = H, (7)
M=t Q) \r5H



S KRR KA A 5T NaH,PO,-K,HPO, TR & i fif iR 5 i vk o 2091

AH 1 1
R ( T T, ) (8)

A 13 ER PR R 0 3 B 0 S (B AR 2K (8), T R UK
FUH.

BRI IK M EEMEBRAIKS 70l
AT B K SN 5 R T A ) R BE A 25 mL, BT
FPD-4A 2 pK i A3 Hri, 4 s 26 iR A 358 iR KR T A )
WK B2 3 °C, A AR L% 220 ¥ il 26 7 i 15 2
WIVK A

InH, =

FHR
1 RFSEHM it E/RARIKS

V40 TC ) D PR A 0 4 A0 IR AR N A ¥
R o3 T, TH B R R VA A UK R L AR 1R
2. BB VWO LGN, W UK RSEAIS, FS T UK
Btk B vk B2 AH A i NaH,PO,-K,HPO, Ji £ HiL fift Jii
TR, B A W pH AL T, Y TROK BRI, X RN
K,HPO, 7K 7& i S 1 4 . NaH,PO, /K V& W S e v, P&
TR A VAR pH A TR ) K,HPO, 1) EL 451 34 111 . NaH,PO,
1 B A5 s 2>, AR 1 R AR O TE K R AR, ) K, HPO,
29 34N B 1 WNaH PO, HL Bt 2 4N B 1, BV 4=
FRZ VETRUK BRI, IX A S A A B T
2 EHREKLMNEENEBRKR

IR FH 25 S0 P UK R 5 V24 3 1 45 TR B VS R ) UK
AE R LA 2, 5 SEHM 515 31 A WK S5l
A, PN 5 VA4S BRI UK B B A — 2. (A B 0] A
B R, 2SN E VK 50 A3 B ) pH AR 23 31 6.7 F

Figure 2
K,HPO, mixed electrolyte solution obtained by SEHM (—), air
humidity cryoscopy (1) and cooling curve cryoscopy (x). a: Global

Comparison of freezing point data of NaH,PO,-

graph, b: Local magnification
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Table 1 Freezing point of NaH,PO,-K,HPO, mixed electrolyte solution calculated by semi-empirical hydration model (SEHM), determined

by air humidity cryoscopy and cooling curve cryoscopy. n =3,X s

m My, po, My, hro, Freezing point/°C
/mol - kg™ /mol - kg* /mol - kg* PH Based on SEHM Air humidity cryoscopy Cooling curve cryoscopy
0.050 06 0.044 75 0.005 31 6.03 -0.182 -0.197 £ 0.075 -0.165 + 0.009
0.100 1 0.087 84 0.012 27 6.00 -0.356 -0.300 + 0.042 -0.356 + 0.012
0.1999 0.166 9 0.03303 6.03 -0.679 -0.611 + 0.030 -0.643 £ 0.015
0.500 4 0.3814 0.1190 6.03 -1.485 -1.441 +0.019 -1.479 £ 0.013
1.0001 0.703 6 0.296 4 6.02 -2.539 —-2.586 + 0.026 -2.600 + 0.017
2.000 2 1.318 2 0.6820 5.99 -4.302 -4.675 + 0.015 -4.541 + 0.141
0.051 34 0.023 85 0.027 49 6.98 -0.212 -0.197 £ 0.075 -0.179 £ 0.007
0.100 6 0.041 45 0.059 10 6.99 -0.384 -0.404 £ 0.044 -0.377 £ 0.013
0.200 2 0.0731 0.1271 6.99 -0.702 -0.715 + 0.025 -0.705 + 0.010
0.500 3 0.1720 0.328 3 6.98 -1.597 -1.545 +0.021 -1.556 + 0.013
1.000 2 0.3413 0.658 8 6.99 -2.994 -2.794 £ 0.020 -2.799 + 0.025
2.000 6 0.644 8 1.355 8 6.99 -5.472 -5.514 £ 0.010 -5.388 £ 0.102
0.050 01 0.003 492 0.046 52 7.99 -0.228 -0.197 £ 0.075 -0.224 £ 0.015
0.1000 0.005 855 0.094 19 8.01 -0.428 -0.403 £ 0.033 -0.464 + 0.005
0.1991 0.011 07 0.1880 7.99 -0.803 -0.818 £ 0.020 -0.809 +0.018
0.508 1 0.029 33 0.4788 8.01 -1.898 -1.857 £ 0.022 -1.845 +0.011
0.999 1 0.047 29 0.9518 7.99 -3.438 -3.420 + 0.009 -3.390 £ 0.025
20157 0.148 3 1.867 4 7.98 -6.761 -6.776 £ 0.012 —-6.794 £ 0.201




+ 2092 -

25254 Acta Pharmaceutica Sinica 2019, 54(11): 2089 —2092

SRR P R 2 LA, TR — 9 B 3 kN 5 4 SR AT 1K
PR Z2 K, I A F T B o VA VA P B T, Y R A
K, &b i R S 4 i I PR SR R kDN, VTR AR R
AR B2 AR K, S8 e E I
4 ZMFRERLE

R LA 2] W, H SEHM 1515 31 B W UK A5
1Y 5 23S0 B UK AU T8 9 2B A il 2R UK I R 915 3
(VA UK Al A — 8, ik, AT DL SEHM it 51
NaH,PO,-K,HPO, 7k & Hi il i 7 UK £ o

g

SEHM 7] DAAR 4F Hb 1 3 HL it s b oy 1 BT
8] AR B, 2 SEHM 28 2t S V8 W /K IR0 2
M TE S AR IR A VB I 6 AN ] pH B ARUAS ]
W ) NaH,PO ,-K,HPO, V& & Hi. fift i 7% 7 v Fl SEHM
TR UK A5, 55 2500 B UK s I 5 7 S 25 ¥ 20K
RO R B 4 AT LA, 5 R, B SEHM 115
FEL AR JOR A UK R B T R T AT 1o

FE S 25 0N FE UK R V25 S 8 ¥ it 2K R SE
ER R RE R, W g L 2 2 B B
VEF R R M o Q2SS0 R UK A s vk P i i
PR3K BIRE FE 25 v il 2R 0K A 5 25 mp 3 A A8 i A DA
e 5 VA il 26 10 3 A, 38 B 3 e R 25 34 2 52 e U 72 1
gh R, A e 4 REDEE, |WEL KT ERE. M
i R T S VR T R R B, JF Ho g
P AR AL AR

SEHM & & H T & A — Fh 30 Bl v o 190 9 R,
AN TR I R M S 50T JE B SC RO SR A . (H
SEHM A& A T ARl A . A 28 FH HAth
R T 55 L SR ARG 20 A X R I FEL AR5 9 VRV UK
A0S, BT DA, R RS R T A UK R ) 2 SR 3 &
B R C RN

FRYE M BE AL 2 3 A SRR A UK A B A L 2R R R
FEA 3o A T RS s 340 2 V5 VR IR A B0 Ik 12 Ji
ZAFTEA R R, QAR — M E, F ] i
HAbpyw s, ik, A8 b, SRR KR
JE b SRNEE A2 TTAT 1, (5 75 Bk — P IR

References

[11 Hou XP. Physical Chemistry (47 ¥ 1k %) [M]. Beijing: People's

[2]

[31

[4]

(5]

6]

(71

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

Medical Publishing House, 2007: 98-128.

Wang XZ, Chen FF. Principle and measurement method of
freezing point and triple point of water [J]. Gansu Sci Technol
(HfrRHE), 2008, 24: 87-89.

Liu FY, Huang XL, Huang WT, et al. Determination, graphics
expression and calculation of freezing point and eutectic point in
ternary salt-water system [J]. Ciesc J, 2017, 68: 3336-3342.
National Health and Family Planning Commission of the
People's Republic of China. Determination of Ice Point of Raw
Milk in National Food Safety Standard [S]. 2016.

Ding H, Wu F. Application of differential scanning calorimetry
in pharmaceutical research [J]. World Notes Antibiot, 2002, 23:
193-196.

Zhan XC, Xu A, Fu Q, et al. Air humidity cryoscopy [J]. Acta
Pharm Sin (2% %:4k), 2016, 51: 668-671.

Xu A, Zhan XC, Fu Q, et al. Determination of the freezing point
of drug solutions by humidity meter [J]. West China J Pharm Sci
(*EV25%), 2016, 31: 57-58.

Fu Q, Zhan XC, Xu A. Theoretical calculation of the freezing
point of drug soltions [J]. West China J Pharm Sci (% 7t 24 %),
2016, 31: 59-60.

Wei XX, Zhan XC, Gao J, et al. Calculating freezing point of
NaCI-NH,CI-H,O system by Pitzer model [J]. West China J
Pharm Sci (£ 24%), 2017, 32: 193-195.

Balomenos E, Panias D, Paspaliaris I. A semi-empirical hydra-
tion model (SEHM) for describing aqueous electrolyte solutions
1. Single strong electrolytes at 25 °C [J]. Fluid Phase Equilib,
2006, 243: 29-37.

Balomenos E, Panias D, Paspaliaris I. A semi-empirical hydra-
tion model (SEHM) for describing aqueous electrolyte solutions
Il. Mixing rules for multiple electrolyte systems at 25 °C [J].
Fluid Phase Equilib, 2006, 247: 1-7.

Chen XZ, Cai ZY, Hu WM. Chemical Thermodynamics [M].
Beijing: Chemical Industry Press, 2005: 194-195.

Wang YL, Zhan XC, Luo L, et al. Relationship between critical
relative humidity and solubility of drugs [J]. Drug Devel Ind
Pharm, 2011, 37: 547-551.

Ye F, Zhao YQ, Xu T, et al. Establishment and application
example of measuring method of FPD-4A freezing point depres-
sion instrument [J]. Exp Technol Management, 2016, 33: 102-
106.

Gao J, Zhan XC, Wei XX. Calculating the freezing point of poly-
sorbate 20 solution by Uniquac model [J]. West China J Pharm
Sci (*E1Z5%), 2017, 32: 401-402.



